Exposure of frogs in still air to radiation of intensity 100 cal./sq. m./sec., either in the range < l*0/£ or in the range > 1*0fi, produces a rapid rise o f temperature in the lymph space immediately below the skin irradiated. That of frogs with aggregated melanophores (pale condition) lags about 1° C behind that of frogs with dispersed melanophores (dark condition) during experiments of 30-45 min. During such experiments the temperature in the lymph space reached a final level near the thermal death-point.
During the past two decades research on chromatic behaviour of cold-blooded animals has extended our knowledge of the nature of co-ordination between stimulus and response without conspicuously clarifying what survival value it may have, if any. Whether visually co-ordinated response to light helps an organism to secure its prey or to escape from its natural enemies is an issue which calls for {vide Hogben (1942) ):
{a) more precise information about the range of receptivity involved in the relation between predator and prey than we have at our disposal; ' (6) extensive survival tests in laboratory conditions designed to reproduce salient features of their natural habitats.
The possibility that colour response of terrestrial animals to heat and desiccation plays some part in temperature regulation is more amenable to direct experiment.
What we know about such responses suggests that colour change may have some thing to do with the extent to which animals absorb more or less radiant heat, more especially on exposure to intense sunlight when the temperature of their immediate surroundings is near the upper thermal death-point. The object of this investigation was to test this supposition. Since the chromatic behaviour of reptiles is pre-eminently responsive to external temperature, a reptilian type, such as the chameleon, would be ideal material for inquiry with this end in view. In present circumstances it was impracticable to secure sufficient supplies. What follows refers exclusively to the British common frog, To get the relevant issues into perspective at the outset, we have to take stock of several considerations which qualify the prima facie plausibility of the view stated in the foregoing paragraph:
(i) The visible difference between a pale and a dark animal furnishes us with no indication of their respective capacities to absorb radiation in the infra-red region which accounts for at least 40 % of incident radiation at noon on a hot day in south .
(ii) Since microscopic examination shows that expansion of the melanophores does not make frog's skin completely opaque to visible rays, some fraction of incident radiation in the visible region penetrates below the melanophore screen in dark as well as in pale animals.
(iii) The work of various investigators has shown that fair human skin is a black body for wave-lengths > 3/4 and absorbs at least two-thirds of incident radiation in the range <3 p ( Cobet & Bramigk 1924; Hardy 1934; Laurens & Foster Sonne 1929 ).
If we take these facts into consideration, it is clear that the difference between the amounts of radiant energy absorbed by the surface of pale and dark frogs in virtue of the state of the melanophores is not a large fraction of the maximum. Experiment alone can decide how large it is. To design laboratory conditions cap able of giving relevant information about the role of chromatic behaviour when animals temporarily expose themselves to intense solar radiation, it is first neces sary to take into account the range of radiation intensity on a hot day in sunlight. The total incident radiation is the sum of the horizontal component of direct solar on the one hand and of sky radiation on the other. For noon on the nine hottest days of 11 consecutive years at Kew, Watson (1923) gives the mean value of normal solar radiation as 85*5 mW/sq.cm., i.e. 204*3 cal./sq.m./sec. The horizontal intensity of solar radiation varies with the sun's zenith distance throughout the day and throughout the year. At the latitude of Kew its maximum value (summer solstice) will be about 87 % of the normal. We have not been able to obtain com parable figures for sky radiation, but meteorological data recorded at European stations (Napier Shaw 1936) north and south of Kew supply a satisfactory estimate. As an upper limit under cloudless conditions we may take the total radiation on a horizontal surface as 25 % greater than the figure for normal solar intensity. As a representative figure for very hot weather in Britain we may therefore assume 250 cal./sq.m./sec, of which about 130 cal./sq.m./sec. is due to radiation of wave length <0*76 y ,and about 60 cal. is due to radiation of wave-length < 0*6/4. To
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reproduce an intensity of radiation comparable with heat-wave conditions in the natural habitat of a British species we therefore need to work with a source situated to yield between 100 and 150 cal./sq.m./sec. in the visible range. It is impracticable to reproduce conditions of solar radiation in the laboratory, because no lamp gives the same distribution of energy as the sun in different parts of the spectrum. The best we can do is to investigate effects of radiation in different regions of the spectrum at intensities comparable to solar intensity in the same range of wave-lengths. For the present we may neglect the ultra-violet region, because its contribution is negligible. Exact figures are not ^available for Britain; but a representative estimate, subject to considerable variation, is 1 %. This is almost certainly an upper limit. Accordingly, our main concern will be such parts of the spectrum as we can conveniently screen in the region > 0*4/4, that is to say: (а) radiation from a white-hot source screened by a water filter yielding rays in the region > 0*40/4 < 1*0/4, 90 % being in the range 0*40-0*80 which includes all the visible and only the near infra-red; (б) radiation from a white-hot source further screened with dilute cupric chloride (2 cm. of a 1 % solution) yielding rays in the region >0*40 <0*80/4, 80 % being in the range 0*40-0*60 (Coblentz 1912) ; (c) radiation from a dull-red source unscreened, being the entire range >0*60/4, over 95 % in the range > 1*0/4 and over 75 % in the range > 3*0/4. 2 For testing the effect of intense radiant heat on body temperature, water loss and viability of pale and dark frogs, the white source was a combination of four gas-filled Kilowatt Tungsten lamps and the dull-red source was an electric radiator with a concave copper reflector. Cubical enclosures (10 cm.8) of very coarse-mesh wire netting served to keep the frogs in position below the source. Prior to experiment frogs remained in white and black containers for several days. Here after a dark frog is one with a melanophore index (/) 5* 0-4*0, and a pale frog is one with a melanophore index 1*0-2*0. In the relatively neutral surroundings of the experiments recorded below, the value of /4 does not shift by more than TO during a test of 1 hr. duration.
Measurement of temperature. For all determinations of rectal temperature and temperature of the external medium, the instrument was a shellac-coated copperconstantan thermocouple. A thermocouple of the same type and size provided with a wick of cotton dipping in water served for 'wet-bulb' readings. To reduce the number of thermal junctions in others parts of the circuit the connexion of the hot and cold (0°) junctions was a single wire of constantan. For the present, purpose a sensitivity of 0*1° C was sufficient. For determination of temperature in the dorsal lymph sac immediately below the skin, a special type of thermocouple enclosed in a hypodermic needle, as supplied by the Cambridge Instrument Co. for work of this sort, proved to be most convenient.
Measurement of radiation intensity. The method for assessing intensity of radia tion was an adaptation of the Angstrom Pyrheliometer. Figure 1 illustrates the principle involved. The shaded rectangles are two pieces of soot-coated metal foil of the same material and dimensions in contact with thermocouples Cx and C2. One of them ( Y) is exposed to the source of radiation. The other is in seri a battery, an ammeter and a variable resistance (JR) to adjust the strength of the current till the temperature of the metal foil is the same as that of Y, i.e. when there is no deflexion of the galvanometer G in circuit with the two thermocouples.
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If c (amps) is the appropriate current strength and r (ohms) is the resistance of the metal foil in the battery circuit, the rate at which the foil is using energy to main tain itself at the same temperature as Y is c2r -w (watts). The calorie equivalent (h) per sec. is given by Joule's law (w = 4*148&), and if the area of the strips is a cm.2, (h-r-a) gives the intensity of radiation in cal./sec./cm.2
In practice it is difficult to make two pieces of foil of exactly the same dimensions. Consequently it is preferable to take the mean of two values based on alternately radiating each strip and passing the current through its fellow. For this purpose we may mount both on an ebonite ring with a reversible vane hinged at the dotted line in figure 2 to protect from radiation the one in circuit with the battery and micrometer through the key K. The exposed strip receives rays incident at all angles between 0 and 90° to the normal. Within the area in which the frogs were free to move in experiments below, the limits of variation of intensity were about ±5%.
A necessary prerequisite for such an inquiry as this is a clear picture of the way in which the body temperature of the frog varies when the animal exposes itself to a temperature higher than its own. Data of previous work on the frog's body temperature refer exclusively to temperatures of about 20° C. This is far below the upper thermal death-point. For two reasons estimates of the latter vary somewhat. One is th at a state of 'shock' simulating death supervenes, if the tem perature of the body remains above a certain level. The other is that possibility of recovery depends on duration of exposure. W hat we henceforth speak of as the upper thermal death-point is the temperature which eventually reduces 50 % mortality when the period of exposure is 1 hr, If kept in a tank above 33° C for an hour or more, partly immersed, to preclude possibility of death by water loss, frogs do not recover mobility. They usually do recover, if transferred to cool, moist surroundings after the same period of half-immersion at 30° C.
At about 20° C (Hall & Root 1930) frogs will sustain a body temperature con siderably below th at of the air around them, when the latter is relatively dry. At 20° C they record a depression of -8*6° at r .h . 7 %, -6-75° at r .h , 25 %, -4*68° at r .h . 50 %, -3*01° at r .h . 75 % and -0*13° at r .h . 95 %. From observations on water loss and body temperature at about the same temperature, Mellanby (1941) draws the conclusion that the frog maintains its body temperature below th at of its surroundings in virtue of the permeability of the skin to water. In other words, what temperature control a frog possesses is a ' wet-bulb ' phenomenon.
The figures recorded by Hall & Root, who kept their frogs in slowly circulating air, do not tally well with wet-bulb readings. For instance, at 2 0° C an r .h . of 25 % corresponds to a wet-bulb deficit of 10° C as against 6-75° C (above). Possible reasons for such discrepancies are not far to seek. On the assumption that a frog maintains its temperature below that of the surrounding air by the cooling effect of evaporation alone, a difference between its own temperature and that of a wetbulb thermometer in equilibrium with the surrounding air depends on a variety of circumstances, inter alia how much it loses by conduction to the substratum or by convection to the air. The magnitude of such a difference must depend both on the temperature gradient between the skin and the air or substratum, and, as Mellanby's data indicate, on the rapidity of ait circulation. In rapidly circulating air at 20° C a frog's internal temperature at different humidity levels does in fact tally closely with that of a wet-bulb thermometer; but it would be unsafe to assume that it does so at all temperature levels compatible with survival. A frog produces heat by its own metabolism and it responds to increase of external temperature by increased heat production. For both reasons the analogy between its behaviour and that of a wet bulb is therefore imperfect.
Since our main concern is how a frog behaves when exposed to intense radiation a necessary preliminary to what follows was to elicit more information about how its body temperature varies at extreme limits. Figure 3 shows an apparatus set up with this end in view. The experimental chamber (C) has a grid on which the animal stands above a layer of CaCl2. The chamber accommodates a 'wet bulb' (W) and a 'dry bulb' (D). The fan (F) keeps the air in circulation through the large vessel (F) and the experimental chamber, both of which lie in a bath ( ) thermo statically controlled with a mechanical stirrer (S) and a heating element. The cir culation of the air brings about a relatively stable level of humidity in the course of 1 hr. experiments as shown by the Wet-bulb readings in figures 4 and 5, which are typical of several. The temperature of the bath in this series was 35-38° C and readings for the wet-bulb thermometer at equilibrium tally within 1° C with those of the frog's body until it approaches death (figure 5) by desiccation. Pale and dark frogs behaved in the same way.
With the same set-up, we have recorded rectal temperatures of dark and pale frogs exposed to rapidly circulating air at external temperatures near the lower thermal death-point. This is somewhat below 0° C. That is to say, a frog will live for at least 24 hr. at a temperature very slightly above the freezing-point of its body fluids, or even after cooling to a temperature at which ice crystals form in the peritoneum and lymph sacs. Indeed, some frogs, maintained in that condition for 48 hr., can still recover. Figure 6 exhibits a typical experiment in which the circulating air of the chamber in figure 3 was in the range 2*3-6*6° C. The results as a whole show no significant difference between body temperatures of the pale and dark member of a pair. In all experiments over a range of r .h . approximately 05-95 the rectal temperature of the frogs was consistently above that of the wet bulb. At r .h . 90 and external temperature 3° C it was also above that of the sur roundings. Apparently therefore, a frog's metabolism can over-compensate for loss of heat by evaporation at very low temperatures, when rapidity of circulating air would ensure close agreement between body temperature and that of a wet bulb in the temperature range which previous workers have explored. Since frogs appear to be able to survive indefinitely at temperatures only slightly above the freezingpoint of their body fluids, and can in fact survive for many hours after freezing has actually begun, it is clear that any difference with respect to capacity to radiate heat produced by metabolic activity when the skin temperature is slightly above that of the surroundings can have no significant survival value. For our present purpose the fact that the analogy between the behaviour of a wet-bulb thermometer and that of a frog in rapidly circulating air is remarkably close in the neighbourhood of the upper thermal death-point means that we can design experiments to test the survival value of chromatic behaviour in either of two ways. When exposed to a sufficiently intense source of radiant heat a frog may die either (a) because its body temperature [rises above the death-point, or (b) because of excessive water loss in maintaining its body temperature below the death-point. The optimum conditions for maintaining a low body temperature level are low r .h . and rapid air circulation. The optimum conditions for a steep rise of body temperature are high r .h . and still air. To test the survival value of chromatic response vis-a-vis differential absorption of intense incident radiation we should therefore explore the extent of (a) differential body temperature in a comparatively still atmosphere, (b) differential water loss in rapidly circulating air.
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R e s p o n s e o f b o d y t e m p e r a t u r e to r a d ia t io n i n s t il l a ir
In accordance with the procedure outlined in § § 1 and 3 above, experiments on rise of body temperature in response to incident radiation were of three types:
(a) Within the visible and infra-red (i.e. < l-O /i) range The highest intensity which we were able to apply was 110 cal./sq.m./sec. at floor level. Table 1 summarizes results of observations on the rectal temperatures of six pairs of frogs. Figures in the upper half of the table represent differences between rectal temperatures of the dark and pale member of the same pair, being positive when that of the dark one was the greater of the two. The symbol t$ stands for the initial mean rectal temperature of a pair. The mean difference at the end of half an hour is less than 1° C. Being negative, this means that body temperature of the darker animal does not rise significantly above that of a pale one. Table 2 shows temperature differences recorded by thermocouples inserted in the dorsal lymph sac immediately below the skin. It presents a more uniform pic ture. The final difference is consistently of the order 1° C and, being positive, indicates a slight local rise due to greater absorption, resulting from melanophore dispersion. The final value of the temperature of the lymph in the neighbourhood of the irradiated area is very close to the thermal death-point. (b) Visible range only ( . 80 % < 0*6/t) The maximal intensity which was practicable without causing the copper chloride solution used as a screen to get too hot was 35 eal./sq.m./sec. Table 3 summarizes differences of rectal temperatures of six pairs of frogs, each pair con sisting of a dark and a light one irradiated together but this time for an hour. The mean final difference, + 0*01° C, is clearly trivial. Differences between readings for the dorsal lymph sacs (Table 4) are less consistent than in the previous experi ment, the mean final value being of the order + 0-1° C.
(c) Long infra-red range (i.e. 98 % > 1 Tho intensity of radiation in these experiments was 100 eal./sq.m./sec., and the duration 45 min. Tables 5 and 6 respectively summarize the data for the rectal temperatures and those of the dorsal lymph sacs immediately below the irradiated skin. There is no significant final rectal temperature difference. For the dorsal lymph sac the final mean difference is roughly 1*0° C. The mean final temperature of the lymph sacs is about 1*5° C below the death-point. That of the rectum lags behind by about 5*5° C.
Certain features are common to the first and last of the three series of experi ments recorded above: the intensity of radiation was sufficient to bring the tem perature of the lymph below the irradiated area within 2° C of the death-point within the time of exposure. The mean value of that of the dark frogs exceeded that of the pale ones by about 1° C. The mean value of the body temperature as a whole, as indicated by that of the rectum, was then within 6° of the death-point. The figures recorded do not show any significant difference between either the final values for dark and pale frogs or between the rates (figure 7) at which they attained them. 
W a t e r l o s s d u r i n g i n t e n s e r a d ia t io n
Since a frog normally maintains a body temperature well below that of the sur rounding air by evaporation on the surface of its water-permeable skin, we are left with the possibility that differential absorption of radiation by the skin of pale and dark frogs is associated with differential water loss. To test whether a dark animal maintains a temperature not appreciably higher than a pale one subjected to equally intense radiation for the same time by losing water more quickly, we have carried out experiments in the same three ranges of wave-length and at the same intensities as in the preceding series. In the experiments, a fan placed within 2 ft. of the frogs kept the air in rapid motion. Sinde the results of all of them were negative, it will suffice to record a single representative protocol ( Table 7) for which the range was < l*0/t at 110 cal./sq.m./sec. The symbol zl100 in table 7 stands for the difference between the percentage loss of body weight due to evaporation by dark and pale animals, being positive if the dark ones lost more. The r .h . range in this series of experiments was 50-45 % and the external temperature 15-5-20*0° C. The period of irradiation between weighing the animals was 1 hr. A necessary precaution is to force out the contents of the bladder before the initial determination. To reduce extraneous known sources of individual variation as much as possible in these experiments, as in those of § 4, we have used pairs of the same sex (usually male) and of nearly the same body weight. The conventional two-thirds power correction was therefore irrelevant, and indeed the spread of data plotted for per centage body weight loss is no less variable than that of data plotted for the ratio of water loss to surface area. A repetition of this series with frogs which received sufficient phenyl barbitone to induce immobility without abolishing all response to handling yielded somewhat more variable results.
. L e t h a l e x p o s u r e to r a d ia t io n
Exposure of dark and pale frogs to a dull red source of sufficient intensity to produce death yielded no evidence that dark frogs die more quickly than pale ones under such conditions. Below (table 8) These data do not encourage the belief that the dispersion or aggregation of the melanophores significantly affects chances of survival after exposure to ultra violet radiation of lethal intensity and duration; and since the species under dis cussion rarely, if ever, encounters such intensity of ultra-violet radiation in nature the issue seems to be unworthy of more detailed investigation.
T r a n s m is s iv e a n d Re f l e c t iv e p o w e r o f f r o g 's s k i n
Although it has not been practicable to devise experiments involving exposure of frogs to radiation within the visible range of intensity as high as that of the sun on the hottest summer day in its natural habitat, the comparatively long periods of exposure in the experiments recorded and the comparatively steep rise of body or skin temperature brought about by the means employed at least point to one conclusion. The difference between the quantities of photic energy fixed as heat by the skins of frogs with and without dispersed melanophores is trivial compared with the total amount absorbed by either. This conclusion is amenable to indepen dent investigation by examination of the properties of isolated .skin. With the means at our disposal in present circumstances we have not been able to take advantage of the most satisfactory means of doing so. We cannot therefore claim great precision for what observations we have made. They are worth recording merely as estimates of relevant magnitudes.
(a) Transmissivity. To get an approximate estimate of the fraction of energy transmitted within the range < 0* lpi we have used a radiometer with a circular window over which it is possible to stretch the web of the foot. The essential part is a piece of blackened copperfoil to receive radiation incident to the window. Attached to its lower surface is the hot junction of a constantan-copper thermo couple circuit. The cold junction lies below it in a vertical case enclosing the whole. If the intensity of radiation is small, its variation is directly proportional to the equilibrium temperature of the foil and hence to the galvanometer reading. By comparison of results of exposing to the same source with no intervening web, with the intervening web of a pale frog and with the intervening web of a dark one, we obtained maximal transmissivity values of 50-65 % (pale webs) and minimal values of 40-50 % (dark webs). In so far as these figures are representativ signify that about 50 % of incident radiation in the visible and near infra-red regions gets absorbed by the deeper layers of the skin irrespective of the degree of melanophore dispersion.
(b) Reflective power. What is more directly relevant to the present theme is the fraction of radiation reflected from the skin. For making rough estimates of this we fell back on the following set-up. A parallel beam from a white source screened with a filter impinges on a slit in a black surface covering the test object. To one side a converging lens combination focuses on a photoelectric cell rays within a fixed solid angle reflected from the test object exposed by the slit. The standard of comparison is a surface of known reflective power (a film of magnesium oxide) in place of the test object. In these experiments the test object was the skin of the back. The filters were Wratten F (red) and Wratten B 2 (green). Estimates of percentage reflexion from dark and pale skin based on this procedure are: These figures point to two conclusions: (a) that at least 80 % of photic radiation is absorbed by the skin of dark and pale frogs alike; (b) that the absorptive power of dark skin exceeds that of pale skin by about 10 %. The latter estimate throws a new fight on what has gone before. A 30 g. frog exposes a dorsal skin area of about 1 sq. cm./g. If irradiated for 1 hr. at 110 cal./sq.m./sec. it receives about 1200 cals. According to our estimate above, the difference between the heat absorp tion of a dark and of a pale frog of this size during the course of a 1 hr. experiment is therefore of the order of 120 cal. To compensate for the absorption of this quantity of heat without an accompanying rise of body temperature, it is necessary to evaporate 120-;-540 g., i.e. about ^ g. of water. A loss of this order within a 1 hr. period of intense radiation in rapidly circulating air is within the range of in dividual variation. So it is not surprising that1 measurements of water loss fail to demonstrate differential absorption of radiation by the skin of pale and dark animals.
. P o s s ib l e s u r v iv a l v a l u e o f d i f f e r e n t i a l a b s o r p t io n
The indications of all experiments here recorded converge to a single focus. While dispersion of melanophores promotes increased absorption of solar energy, the excess is very much smaller than we might be tempted to surmise on the basis of visible difference between a light and a dark frog. We are left with the following question: is it of an order which might have survival value-positive or negative?
VoL 132. B.
In our experiments to test differential rise of body temperature and differential water loss, the intensity of radiation was never quite as high as it would be at ground level fully exposed to the sun on a very hot day. It is therefore possible: (a) that exposure of frogs to very intense direct sunlight in still damp air for the same time would reveal a consistent slight rise of body temperature elsewhere than in the immediate vicinity of the area irradiated; (b) that exposure of frogs to very intense direct sunlight in rapidly circulating dry air would reveal a significant differential water loss unmasked by the range of individual variation.
Against these possibilities we have to offset two important considerations. One is that our experiments are based on reactions of animals previously kept in artificial conditions to elicit maximal difference of melanophore dispersion at the beginning of the period of exposure to radiation. A second is that the effect of warmth on the melanophores of the frog is relatively small compared with the action of other external stimuli. We have also to bear in mind the fact that the normal habitat and habits of the frog are not conducive to reproduce situations in which the animal is liable to remain exposed for more than a small fraction of the period which our observations cover to radiation of intensity as great as in our experiments.
It is therefore unlikely that colour change favours survival in virtue of differential absorption of radiant energy when frogs expose themselves to direct sunlight. On the other hand, it may well be that reptiles do benefit in this way, from their power to change colour. We know that reptiles wjiich are capable of colour change in response to natural stimuli are peculiarly responsive *to warmth. Indeed local warming of the skin can completely override the action of other stimuli which otherwise evoke dispersion of melanophores. Moreover, the habitat and habits of reptiles are unlike those of Amphibia. They are more liable to bask in the sun and to wander into situations where no near retreat to shade is open to them.
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